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METHOD FOR PRODUCING OR ENHANCING A T-CELL RESPONSE AGAINST A TARGET CELL miNr 
COMPLEX COMPRISING AN HLA CLASS J MOLECULE AND AN ATTACHING MEANS 




Al 



5 This application relates to means for producing or enhancing an immunological 
response against a target cell, through the attachment of an immunogenic HLA 
class I molecule thereto. The invention is of potential use in the prevention and 
treatment of malignant diseases including cancer and leukaemia, infectious 
diseases including viral infections such as HIV, bacterial infections including 
10 tuberculosis, and parasitic infections including malaria. 

Cytotoxic T cells in the cellular immune system are responsible for recognising 
cells that display "foreign" markings, and triggering an immunological response 
against such cells. Each cytotoxic T cell expresses a number of cell surface 

15 recognition receptors, which recognition receptors all possess precise specificity 
for a particular "foreign" peptide sequence, which recognition receptors are 
adapted to bind to HLA class I molecules expressed on the surface of cells 
scanned by the T cell. HLA class I molecules are cell surface molecules which 
possess a peptide binding groove exposed on the external surface of the cell, 

20 which groove is arranged under normal circumstances to bind a peptide derived 
from the interior of the cell. When a recognition receptor on a cytotoxic T cell 
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binds to an HLA class I molecule on the surface of a scanned cell, the 
recogn,t,on receptor ,s enabled to contact the peptide b.nd.ng groove of the 
HLA class I molecule and interact with any pept.de contained therein. If this 
peptide matches the specificity of the recognition receptor, the T eel, 1S said to 
recogn.se the scanned cell, and may consequently trigger an immunological 
response against said scanned cell. 

Cytotoxic T cells of various specificities with.n a host immune system are also 
able to recognise and trigger an immunological response against a cell 
exhibiting an HLA class I molecule which is of a different allotype from the 
HLA class I molecules of the host cells. An immunological response of this 
kind is known as an "alloreactive" response. 



An immunological response agamst a cell usually results in the lysis of the eel, 
15 and/or the ,oca, reJease of cytokines. It has however been observed that 

cytotoxic T ce„s do not tngger the , ys ,s of so-called antigen presenting cells 
(APCs) in this way. Instead, the immunological response triggered by T cell 
recognition of an HLA Cass I molecule on the surface of an antigen presenting 
cell results m the direct se.ect.ve proliferation of the cytotoxic T cell. The host 
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It is recognised that the effector mechanisms of the cellular immune system 
could be a powerful tool in the prevent.cn and treatment of many illnesses, 
including malignant processes and infectious and auto-immune diseases, 
including cancer. A small number of the HLA class I molecules on a tumour 
cell surface may be found to bind peptides which are selectively expressed or 
over-expressed in tumour cells and are capable of being recognised by 
cytotoxic T cells in the immune system. Such peptides may furthermore be 
tumour specific, being found only infrequently, or not at all, on the HLA class 
I molecules of non-tumour cells. An example of one such tumour specific 
peptide is the HMW-MAA antigen found on melanoma cells. However, the 
number of HLA molecules presenting such pept.des is generally too small to 
stimulate an effective immunological response against the tumour cell 
Moreover, such peptides are rarely, if ever, presented by HLA class I molecules 
on the surface of APCs. 



Attempts to enhance the response of the cellular immune system to tumour 
cells have hitherto focused on increasing tumour cell immunogenicty. In 
20 particular, various efforts have been made to produce high-level expression of 
immunogenic HLA class I molecules on the surface of tumour cells, through 
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the techniques of gene therapy. The dehvery of cDNA encoding an HLA class 
I gene containing an immunogenic peptide in the leader sequence of the HLA 
molecule has been described in Kang ( Cancer 1997 . 202-205). 

Meanwhile, Stopeck (JOMM^ncolos^S, 1997, 341-349) describes the 
transfection of allogeneic HLA class I ,n patients with melanoma. This work 
has demonstrated some response in clinical trials, but has also highlighted the 
difficulties involved ,n targeting tumour cells at multiple s.tes in v,vo through 
the techniques of gene therapy. 

The present application sets out to prov.de improved means for producing or 
enhancing an immunological response against a target cell, and to prov.de an 
improved method for treating or preventing cancer and other malignant, 
infectious or auto-immune diseases. 

Accordingly, ln one aspect of the present invention there ,s provided a complex 
comprising an HLA class I molecule or fragment thereof, which HLA class I 
molecule or fragment thereof comprises a T cell b.ndmg portion, and attaching 
means for selectively attaching said HLA class I molecule or fragment thereof 
to a target cell , oUr^t^.<KjcL ,7v ftW- s oJ(( HLA c'*.„ Z w(r C <i(c 

In another aspect of the present invention there is provided a method'of - V ^ 
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attaching an HLA class I molecule or fragment thereof to a target cell, which 
HLA class I molecule or fragment thereof comprises a T cell binding portion, 
comprising the step of introducing to said target cell said HLA class I molecule 
or fragment thereof and attaching means for selectively attaching said HLA 
class I molecule or fragment thereof to the target cell. 

In yet another aspect of the present invention, there is provided a 
pharmaceutical composition comprising an HLA class I molecule or fragment 
thereof, which HLA class I molecule or fragment thereof comprises a T cell 
binding portion; attaching means for selectively attaching said HLA class I 
molecule or fragment thereof to a target cell; and an appropriate excipient or 
carrier. 



15 



The HLA class I molecule or fragment thereof may bind a peptide, which 
peptide is arranged to be presented for T cell recognition by said HLA class I 
molecule or fragment thereof. Said peptide may be attached to the HLA class { 
molecule or fragment thereof in accordance with the method described in / 
Garboczi ( PNAS 89 1992, 3429-3433). 



20 The attaching means preferably comprises a linking polypeptide with high 

specific affinity for a target cell specific molecule on the surface of the target 
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cell. By "target cell specific molecule" herein is meant any molecule that is 
characteristically expressed or over-expressed on the surface of the target cell. 
By way of example, in cancer cells said "target cell specific molecule" could 
include any of the following tumour associated antigens: carcinoembryoic 
5 antigen, placental alkaline phosphatase, polymorphic epithelial mucin, human 
chorionic gonadotrophin, CD20, prostate specific antigen, ca-125, HMW-MAA 
and others. 

Conveniently, the linking polypeptide will comprise an antibody, preferably a 
10 monoclonal antibody, raised against said target cell specific molecule 

(Riethmuller and Johnson, Curr. Opin Immunol 4 1992, 647-655). Suitable 
antibodies for this purpose include C46, 85A12, H17E2, HMFG1, W14, 1F5, 
225.28s (Buraggi 1985 Cancer Res. 45 3378-3387), and others. Deposits of the 
immortalised hybrids producing these antibodies have been made at the 
American Type Culture Collection, Rockville MD, USA. Further examples of 
antibodies are described in Maloney et al ( Blood 84. 1994, 2457-2466), 
Riethmuller et al (Lancet 343, 1994, 1 177-1 183) and Hird et al ( Br. J Cancer 
68, 1993, 403-406). 



15 
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Said linking polypeptide may comprise an antibody raised against a target cell 
specific molecule and a coupling system for coupling said antibody to said 
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HLA class I molecule or fragment thereof. ,The coupling system may comprise 
a two- or three-step chain of well-characterised paired small molecules, joined 
to the antibody and the HLA class I molecule so as to form a stable bridge 
between the two. Examples of paired small molecules which might be used in 
5 this connection include (but are not limited to) b.otin and avidin/streptav,din 
(Moro, 1997 Cancer Res 57, 1922-1928; Altman et al, Science 274 1996, 94- 
96), and calmodulin and calmodulin binding peptides (Neri, 1996, J invest 
Dermatol 107 , 164-170). Alternatively, said linking polypeptide may compnse 
an antibody-raised against a target cell specific molecule, which. antibody is 
10 adapted to be attached directly to said HLA class I molecule or fragment 
thereof 



15 



In a further possible embodiment of the invention, said complex may comprise 
a recombinant protein, which recombinant protein includes a moiety comprising 
said HLA class I molecule or fragment thereof, and a moiety comprising said 
attaching means. 



lasma or 



The HLA class I molecule or fragment thereof may be purified from ph 
platelets or made recombinantly. The HLA class I molecule or fragment thereof 
20 may further be arranged to bind and present for T ceil recognition a defined 
peptide of choice, such as a viral, bacterial, parasitic, or tumour-specific 
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peptide. Atucnmen, of the ^ ctes , ^ fragraem (hereof m ^ 

targe, ceU may be achieved by m„„ duc i„ g said HLA , ^ 
fragment .hereof and sai d attachmg means I0 the viclnlty „ f ^ ^ ^ ^ 
targe, cel. may be a c„„ure c.l, in vi.ro. b„, „,„ a d van,ageo„sly be ■„ ,he 
body of a patteot. Preferably, .he targe , ce „ „,„ ^ ^ ^ 

a cy,„,„xic T eel,, wh,C cy,o,o*ic T cell is adap , ed , o ^ ^ 

Cass I moiecule or fragment .hereof ei,her as b.,„ g of a m,sma,che d ailorype 
or as b.nd,„g a foreign pepnde, and whrch cy,o,„x,c T cell is capable of 
triggering an immunological response agains, S a,d target cell. 




Ir^e embodrmen, of me presen, ,nven,,o„ ,he iarge, cel, ,s of a ,ype which 
may\|y S ed as a resul, of an .mmunolog.cal response mereagamst. 
AdvanragXnsly, , he targe , ce „ js , , umour ^ ^ ^ ^ ^ ^ 

the presence oWh ls in , ^ ^ ^ ^ ^ ^ 

» 'eukaem,, ce„, affected win, me HIV v„us or „,,h any olh e r m, cr obe or 
virus, a cel, responsible^ detriment activity m a„,o-i mm „ne disease, and so 
on. In order to accelerate ^ggenng of an .mmunologica, response agains, 
-d targe, cel, ,„ a pattern, saiW A Cass ! molecule or fragment thereof will 
preferably be capable of producingVpowerfu! tmmune response from the 
20 cellular immune system of the pa„en,.\co rd , n£K , sald ^ ^ , 

or fragment thereof may bind a vira, o, mlbta, peptide, preferably a vira, or 
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icrobial peptide to which the patient is likely to have had previous exposure. 
| In P^" lar > sai d HLA class I molecule or fragment thereof may bind an 

influenza\irus peptide, a measles virus peptide, an Epstein-Barr virus peptide, 
in particular ^Epstein-Barr virus peptide comprising the RAKFFQLL epitope 
5 of the lytic proteXfiZLFl, a Cytomegalovirus pept.de, or a tetanus toxoid 

peptide. Altematively\>aKl HLA class I molecule or fragment thereof may bind 
any peptide which alreadyfcas a strong cytotoxic T cell response or which is 
capable of inducing a powerful irnmune response. The allotype of said HLA 
class I molecule or fragment thereof additiona!ly-^itematiiiel| be 
10 different from the allotype of the HLA class\molecules of the patient, so that 
an alloreactive response may additionally J^ratrcr^rr^ be triggered against 
said target cell. 



or 



In another embodiment of the invention the target cell is an antigen presenting 
15 cell (APC). Recognition by a cytotoxic T cell of an HLA class I molecule or 
fragment thereof attached to said APC may result in direct and selective 
proliferation of the cytotoxic T cell. Accordingly, said HLA class I molecule 
fragment thereof will advantageously be adapted to present for T cell 
recognition a tumour specific peptide as defined above, or a viral peptide, or a 
20 bacterial peptide, or a parasitic peptide, or any peptide which is exclusively 
characteristically presented by HLA class I molecules on the surface of 
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diseased, malignant or foreign cells the presence of which is undesirable in a 
patient. Peptides linked to malignant conditions have been characterised 
(Brossart, 1998 Cancer Res 58 , 732-736 and Lucas, 1998 CancerRe^SS, 743. 
752), as have peptides of parasitic origin (Khusmith, 1991 Science ?V 715. 
5 718) The attachment of an HLA class I molecule or fragment thereof to an 
APC, in accordance with the present invention, may be used for in vivo 
immunisation against cells presenting a given peptide, or ex vivo production of 
cytotoxic T cells of a particular specificity. 

0 Where the target cell is a tumour cell or m.crobially infected cell, the 

pharmaceutical compos.tion of the present invention may be used for the 
treatment of a tumour or microbial disease respectively, and there is provided a 
method of treating a tumour or microbe disease in a patient, comprising the 
step of administering to a patient in need thereof an effective amount of said 

5 pharmaceutical composition. 

It must be noted that whilst many tumour types express tumour associated 
antigens, heterogeneity m the level of expression does occur, so some tumour 
cells may not be targeted by antibody and lysed directly. However, in vitro date 
from the analogous antibody-superantigen system shows that the h,gh local 
levels of cytokines released by activated T cells can lead to the death of 
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untargeted bystander tumour cells (Dohlsten et al, Int. J. Can^r «i4 1993, 482 . 
488). It is likely that similar effects will occur in a targeting system using 
MHC class I/peptide complexes. Similarly, it is possible that the presence of 
activated cytotoxic T cells releasing cytokines in the tumour may lead to 
5 enhancement of a specific anti-tumour immune response. 

Where the target cell is an APC and the HLA class I molecule or fragment 
thereof binds a tumour-specific peptide or any peptide which is exclusively or 
characteristically presented by HLA class I molecules on the surface of a 
virally, bacterially, parasitically or microbially infected cell, the pharmaceutical 
10 composition of the present invention may be used for immunising against the 
tumour or viral, bacterial, parasitic or microbial infection respectively, and 
there is provided a method of immunising against a tumour or viral, bacterial, 
parasitic or microbial infection in a patient, comprising the step of 
administering to a patient in need thereof an effective amount of said 
15 pharmaceutical composition. 



The response of said patient may be improved by in vivo cytokine support, or 
by the infusion of antigen-specific cytotoxic T cells expanded ex vivo. 
Transient immunosuppression (Ledermann at al, Int. J Canr.™- 47 1991, 659 . 
20 664) may be used to minimise the immunogenic response of a patient to 
components of the targeting system such as the avidin bridge. 
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The adm,n,strauon of said pharmaceutical composition may be by way of oral, 
sublingual, transdermal or parenteral administration. 

Said effective amount of the pharmaceutical composition will depend on factors 
such as the nature and severity of the disorder be.ng treated and on the weight, 
age and condition of the patient. 

For oral or parenteral administration, it is greatly preferred that the 
pharmaceutical composition ,s administered ,n the form of a un«t-d 0Se 
composition, such as a unit dose oral or parenteral composition 

Such compositions are prepared by admixture and are suitably adapted for oral 
or parenteral administration, and as such may be in the form of tablets, 
capsules, oral preparations, powders, granules, lozenges, reconstitutable 
powders, injectable and liquid infusible solutions or suspensions or 
suppositories. 



a unit 



Tablets and capsules for oral administration are usually presented in 
dose, and contain conventional excpients such as binding agents, fillers, 
diluents, tabletting agents, lubricants, dismtegrants, colourants, flavourings, and 
wetting agents. The tablets may be coated accordmg to well known methods „ 
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the art. 

Suitable fillers for use include cellulose, mannitol, lactose and other similar 
agents. Suitable disintegrants include starch, polyvinylpyrrolidone and starch 
derivatives such as sodium starch glycolate. Suitable lubricants include, for 
example, magnesium stearate. Suitable pharmaceutical^ acceptable wetting 
agents include sodium lauryl sulphate. 

These solid oral compositions may be prepared by conventional methods of 
blending, filling or tabletting. Repeated blending operations may be used to 
distribute the active agent throughout those compositions employing large 
quantities of fillers. Such operations are, of course, conventional in the art. 

Oral liquid preparations may be in the form of, for example, aqueous or oily 
suspensions, solutions, emulsions, syrups, or elixirs, or may be presented as a 
dry product for reconstitution with water or other suitable vehicle before use. 
Such liquid preparations may contain conventional additives such as suspending 
agents, for example sorbitol, syrup, methyl cellulose, gelatin, 
hydroxyethylcellulose, carboxymethyl cellulose, aluminium stearate gel or 
hydrogenated edible fats, emulsifying agents, for example lecithin, sorbitan 
monooleate, or acacia; non-aqueous vehicles (which may include edible oils), 
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for example, almond oil, fractionated coconut oil. oily esters such as esters of 
glycerine, propylene glycol, or ethyl alcohol; preservatives, for example methyl 
or propyl p-hydroxybenzoate or sorbic acid, and if desired conventional 
flavouring or colouring agents. 

Oral formulations also include conventional sustained release formulations, 
such as tablets or granules having an enteric coating. 

For parenteral administration, fluid unit dose forms may be prepared 
comprising a sterile vehicle. The components of the composite, depending 
on the vehicle and the concentration, can be either suspended or dissolved. 
Parenteral solutions are normally prepared by dissolving the components of the 
composition in a vehicle and filter sterilising before filling into a suitable vial 
or ampoule and sealing. Advantageously, adjuvants such as a local anaesthet.c, 
preservatives and buffering agents are also dissolved ,n the vehicle. To 
enhance the stability, the composition may be frozen after filling into the vial 
and the water removed under vacuum. 



Parenteral suspensions are prepared in substantially the same manner except 
that the compound may be suspended in the vehicle instead of being dissolved 
and sterilised by exposure to ethylene oxide before suspending ,n the sterile 
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vehicle. Advantageously, a surfactant or wetting agent may be included in the 
composition to facilitate uniform distribution of the compound of the invention. 

As is common practice, the compositions will usually be accompanied by 
written or printed directions for use in the treatment concerned. 

Following is a description, by way of example only, and with reference to the 
accompanying drawings, of methods of putting the present invention into effect. 



10 In the drawings :- 



Figure 1 shows a diagram showing the method/idea for delivering HLA 
molecules to the surface of tumour cells. 



15 Figure 2 shows a FACs analysis of HLA-A2-ve Mel 2 melanoma cells treated ^ . 

with biotin-conjugated monoclonal antibody 225:28s, avidin, biotin-conjugated * 
HLA-A2/gag complexes, anti-HLA-A2 monoclonal antibody BB7.2 and 
phycoerythrin-conjugated rabbit anti-mouse antibody. 



20 Figure 3 shows the results of a T cell cytotoxicity chromium release assay with 
Mel 1 cells treated with the delivery system of biotin-conjugated monoclonal 
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antibody 225.28s, av.din, and biotin-conjugated HLA-A2/gag complexes. These 
cells were incubated with HLA-A2/gag specific cytotoxic T cells with 
effector/target ratios of 0:1 - 20:1 for 20 hours. 

F.gure 4 shows a diagram showing the method/idea for delivering HLA class 
I/peptide complexes to antigen presenting cells. 

Figure 5 shows the results of an ELISA assay, described in Example 2 below, 
for demonstrating the stability of various MHC class I/pept.de complexes at 
37°C. The results shown are the mean of assays performed on each sample m 
triplicate. 



Figure 6 shows a FACS analysis of HLA-class 1 deficient Daudi cells targeted 
with HLA-A2 via biotinylated anti-CD20 mAb. Trace 1 (lefthand trace) 
corresponds to native untargeted Daud, cells. Trace 2 (righthand trace) 
corresponds to Daudi cells targeted with mAb/avidin/HLA-A2/gag/FITC anti- 
MHC class I. Mean fluorescence trace 1 = 0.31, mean fluorescence trace 2 = 
24.3 (arbitrary fluorescence units). 

Figure 7 shows the results of a four hour chromium release assay, described ,n 
Example 2 below, ,n wh.ch HLA class I-deficient Daudi cells targeted with 
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various components of the HLA-A2/gag delivery system were incubated with 
HLA-A2/gag specific cytotoxic T cell clones. A comparison was made with 
native and peptide-pulsed 221.A2 cells (HLA-A2 +ve). 

Figure 8 shows the results of a four hour chromium release assay, described in 
Example 2 below, in which HLA-A2/gag targeted Daudi cells were incubated 
with HLA-A2/gag-specific and HLA-A2/Melan A-specific cytotoxic T cell 
clones. 

Figure 9 shows the results of a twenty hour chromium release assay, described 
in Example 2 below, in which HLA-A2 +ve SK29.Mel cells were incubated 
with HLA-A2/gag specific cytotoxic T cell clones. 

Example 1 

The following components were used: 

Target cells : A human melanoma cell line Mel 1, deposited at the 

Department of Immunology, Institute of Molecular 
Medicine, Oxford, that carries the HLA class I 
allotype HLA-A2. The cell line was grown in 
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standard RPMI tissue culture media. 
A human melanoma cell line Mel 2, deposited at the 
Department of Immunology, Institute of Molecular 
Medicine, Oxford, that does not carry the HLA class 
I allotype HLA-A2. The cell line was grown in 
standard RPMI tissue culture media. 



10 



15 



20 



Attaching means :A monoclonal antibody 225.28s (Buraggi 1985 Cancer Res 
45. 3378-3387) that binds to the HMW-MAA antigen on human melanoma 
cells. Biotin is chemically conjugated onto this antibody as described in Bayer 
199 °, Methods Embrvolop v 1 84 138-160. 

Pure hen egg avidin obtained commercially from 
Societa Prodotti Antibiotici, Milan, Italy. 

HLA : Biotin conjugated recombinant HLA class I allotype HLA-A2 

molecules, as described in Airman 1996, Science 274 94-96, further 
containing the "gag" peptide that is part of the HIV virus. This peptide 
comprises the amino acid sequence -SLYNTVATL-. Methods for the 
preparation/isolation thereof are described in Johnson 1991, J Immunol 
147, 1512. The "gag" peptide was attached to the HLA-A2 molecules as 
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described in Garboczi 1992, PNAS 89. 3429-3433. 



T cells : HLA-A2/gag specific cytotoxic T cells obtained from 

an A2+ve HIV patient as described in Altman 1994, 
5 Science 274 . 94-96. 

In order to establish the ability of the attaching means to cause display of the 
HLA class I molecules on the surface of Mel 2 target cells, approximately 
200,000 cells were first incubated with biotin conjugated monoclonal antibody 

10 225.28s at a final concentration of 20ug/ml at 37°C for 30 minutes. Following 
this the cells were washed in tissue culture media (RPMI 1640, obtainable from 
Gibco, Scotland). The Mel 2 cells were then incubated with avidin at a final 
concentration of lOug/ml for 10 minutes at 37°C and washed m tissue culture 
media Finally, the Mel 2 cells were incubated with biotin conjugated HLA 

15 class I HLA-A2/gag molecules at a final concentration of 20ng/ml at 37°C for 
20 minutes. 

The binding of recombinant HLA-A2 to the treated Mel 2 cells was shown by 
the attachment of anti-HLA-A2 monoclonal antibody BB7.2 (Santos-Aguado 
20 1988, J. Immunol 141 , 281 1-2818) following incubation with BB7.2 antibody 
at a final concentration of lOug/ml at 37°C for 30 minutes. After washing m 
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t.ssue culture media the cells were incubated with phycoerythnn conjugated 
rabbit ant-mouse antibody (Sigma. Poole, UK) at a final concentrate of 
lOug/ml for 30 minutes at 37°C and analysed in a Becton Dickson Facscan 
machine. The result of this analysis is shown ,n Fig 2 which demonstrates a 
positive signal indicating the presence of HLA-A2 molecules attached to the 
surface of the Mel 2 cells. 

A chrormum release T cell cytotox.city assay was then performed ,n order to 
establish the ability of HLA-A2/gag specific T cell clones to lyse Mel ! cells 
coated with HLA-A2/gag in accordance with the present method. 
Ap P rox,mately 10* Mel 1 cells were first pre-mcubated with 1.85 u Bq 
Na/'CrO. (obtained from Amersham International, Amersham, UK) for 1 hour 
at 37°C. The pre-mcubated Mel 1 cells were then mcubated with biotin 
conjugated monoclonal antibody 225.28s a, a final concentration of 20u g /ml at 
37°C for 30 minutes, and washed in tissue culture media. Following this, the 
Mel 1 cells were incubated with avidm at a final concentration of 10ug/ml for 
10 minutes at 37°C and then washed agam m tissue culture medaa. The Mel 1 
cells were then incubated w,th biotin conjugated HLA class I HLA-A2/gag 
molecules at a final concentration of 20ug/ml at 37°C for 20 minutes and 
washed with tissue culture media. 
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Having been coated with HLA class I HLA-A2/gag, the chromium-treated Mel 
1 cells were then incubated with HLA-A2/gag specific cytotoxic T cells in 
ratios of 0:1 to 20:1 of effector to target cells at 37°C for 20 hours. Lysis of 
Mel 1 cells treated with Na^CrC^ results in the release of radioactive 
5 chromium, which may be detected by analysis in a scintillation counter. 

In order to establish the percentage of Mel 1 cells lysed following incubation 
with HLA-A2/gag specific cytotoxic T cells, the following measurements were 
taken: background release of chromium from the Mel 1 cells in media alone 
( M M H ); release of chromium from the Mel 1 cells following incubation with the 
10 T cells ("E"), release of chromium from the Mel 1 cells following final 

treatment with 5% Triton X-100 detergent ("T") Treatment with detergent will 
cause the lysis of all the remaining intact Mel 1 cells. 

% Mel 1 lysis by cytotoxic T cells was calculated as follows: 

15 

% lysis = 100 x (E - M) 
(T-M) 

This analysis was carried out on Mel 1 cells treated with biotin-conjugated 
20 225.28s, avidin, and biotin-conjugated HLA-A2/gag. As a control, the analysis 
was also carried out on Mel 1 cells treated with biotin-conjugated 225.28s and 
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avidin alone, and on Mel 1 cells treated with avidin and biotin-conjugated 
HLA-A2/gag alone. 

The key results of this analysis are illustrated in Figure 3, which indicates that 
5 significant lysis (20%) of Mel 1 cells by HLA-A2/gag specific cytotox.c T cells 
occurs only when the Mel 1 cells have been treated with all the components of 
the attaching and delivery means of the present invention (ie b.otin-conjugated 
225.28s monoclonal antibodies, avidin, and biotin-conjugated HLA-A2/gag). No 
Significant increase in cell lysis over background levels was observed in either 
10 of the control runs. 



Example 2 



15 



20 



The following components were used: 

Target cells : The Daudi B cell line (MHC class I-negat.ve) 

melanoma line SK-mel-29 (HLA-A2.1 -positive), 
.221/A2 (HLA-A2.1 -positive), were maintained in 
RPM1 media with 10% fetal calf serum and 
antibiotics in a 37°C incubator with 5% CO 
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£ 10 HLA : 
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Monoclonal antibodies 225.28s (Buraggi 1985 
Cancer Res 45 3378-3387) and 2H7 that bind to the 
HMW-MAA antigen. Biotin is chemically conjugated 
onto these antibodies as described in Bayer 1990, 
Methods Embrvolnpy 184 138-160. 

Pure hen egg avidin obtained commercially from 
Societa Prodotti Antibiotici, Milan, Italy. 

Biotmylated complexes of recombinant MHC class I 
and peptide were produced as described previously 
(Altman et al, Science 274. 1996, 94-96; Ogg et al, 
Science 279 , 1998, 2103). Prokaryotic expression of 
B2M and MHC class I heavy chain, modified by the 
C terminal addition of a target sequence for the 
biotin ligase enzyme BirA, was followed by 
inclusion body purification. Following refolding of 
heavy chain and B2M around specific peptide, 
complexes of 45kD were isolated by gel filtration, 
biotinylated overnight using BirA in the presence of 
ATP, Mg2+ and biotin, and then purified by gel 
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filtration and anion exchange. 

luman cytotoxic T cell clones 010 (specific for 
HLA\A2/gag 77-85 = SLYNTVATL (Parker et al, J 
Immunol\j49, 1992, 3580-3587)) and IF9 (specific 
for HLA-A2/melan-A 26-35 = EAAGIGILTV 
(Romero et al, J. Irnmunol 159 1997, 2366) were 
maintained in media supplemented with 5% human 
serum and IL-2 100 IU/mH. 



The stability of the MHC class 1/peptide complexes was first established by an 
ELISA assay. Various MHC class I/peptide complexes, including HLA- 
A2/Gag3Y, HLA-A2/Gag3F, HLAA2/Lmp2, HLA-B35/Env and HLA-B35/nef, 
were prepared as outlined above, and were pre-incubated at lOug/ml in tissue 

15 culture media for 0-20 hours at 37°C. ELISA plates were coated with the mAb 
W6/32 (5ug/ml in carbonate buffer pH 9.6 overnight at 4°C) which recognises 
conformational^ correct MHC class I molecules (Parham, 1 979), and then 
blocked by incubation in 1% bovine serum albumin for 2 hours at 37°C. The 
MHC class I/peptide complexes were incubated for 30 minutes with the ELISA 

20 plates at room temperature, and binding was detected with rabbit anti-human 
B2 microglobulin followed by alkaline phosphatase conjugated goat anti-rabbit 
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immunoglobulin, and substrate. All incubations were separated by extensive 
washes in PBS. 

Absorbances at 600nm were measured in a Titertek Multiscan ELISA reader. 
5 Three assays were performed for each sample, and the mean reading was 
calculated. 

The results obtained with samples preincubated for 0, 1,4, 16 and 20 hours are 
shown in Figure 5. The results demonstrate that the HLA-A2/gag complexes 
10 have appreciable stability in culture media at 37°C, with an estimated half-life 
in excess of 24 hours. 

In storage at 0.5-lmg/ml at 4°C HLA-A2/gag complexes appear to be stable for 
at least 12 months (data not shown). 

15 

To demonstrate the ability of the attaching means to cause display of MHC 
class I on the surface of Daudi cells, Daudi cells deficient in MHC class I were 
sequentially incubated at 4°C with biotinylated anti-CD20 (Ancell, Nottingham, 
UK; mAb 2H7 (Berenson et al, Blood 67 , 1986, 509-515) at lug/ml for 30 
20 minutes); hen egg avidin (S.P.A., Milan, Italy, at lOug/ml for 10 minutes); 
biotinylated HLA-A2/gag (at lOug/ml for 1 0 minutes); and FITC labelled 
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anti-MHC class I (Ancell, Nottingham, UK; mAB 3F10 (Eisenbarth et al, L 
Immunol. 124 , 1980,1237-1244) at 10 ug/ml). Parallel controls omitted one or 
other incubation. Cells were washed 3 times in PBS between stages and then 
fixed in PBS plus 2% formaldehyde and analysed by flow cytometry. 

Cells incubated with all three layers of the labelling system had high levels of 
detectable MHC class I/peptide on their surface compared to untreated Daudi 
cells (Figure 6). Cells treated with only any 2 components of the 3 -step system 
gave fluorescence levels comparable to untreated cells (data not shown). 

A chromium release cytotoxicity assay was carried out to establish the ability 
of specific T cell clones to lyse Daudi or SK-mel-29 cells in accordance with 
the present invention. Daudi or SK-mel-29 cells were incubated with s, CrO< at 
2uCi/uL for 1 hour at 37°C and then sequentially incubated with: the 
biotinylated mAbs 2H7 or 225.28s (anti-HMW-MAA) respectively; avidin; and 
biotinylated HLA-A2/gag complexes as detailed above. Peptide pulsed target 
cells were incubated with gag 77-85 or melan-A 26-35 peptides at O.luM for 1 
hour at 37°C. After washing, labelled target cells were plated into 96-well 
round bottom plates at 2,500 cells per well, followed by human CTLs at 
various effector:target ratios. Following incubation at 37°C, 20ul of supernatant 
was collected and the amount of sl Cr released was determined. The percentage 
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of cytotoxicity (lysis) obtained at each effectontarget ratio was calculated as: 
100 x (E-M)/(T-M), where E = Experimental release, M = Release in media 
and T = Release in 5% Triton X-100 detergent. 

The results shown in Figure 7 are the mean of experiments performed in 
duplicate. As shown by these results, the CTL clone (010) efficiently lysed 
HLA-A2-positive targets (.221/A2) only when these were pre-incubated with 
the HLA-A2/gag peptide. MHC class I-negative Daudi cells, when targeted 
with the HLA-A2/gag complexes of the' present invention, were recognised and 
lysed by this CTL clone to an equivalent degree. Untargeted Daudi cells and 
cells targeted with only 2 of the 3 components of the targeting system were not 
recognised (maximal lysis <4% at E:T ratios of up to 80:1). 

Control CTL, showing a different HLA T A2-restncted specificity (HLA— 
A2/melan-A), did not lyse Daudi cells targeted with the HLA-A2/gag 
complexes (Fig. 8), demonstrating the fine specificity of the targeting approach. 

Untreated Daudi cells pulsed with gag peptide alone were not lysed by clone 
010 (data not shown), in keeping with their lack of endogenous MHC class I. 

The ability of antibody-directed HLA-A2/gag complexes to sensitise the 
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melanoma cell line SK-mel-29 to lysis by HLA-A2/gag-specific CTL li 
shown in Figure 8. At all E:T ratios, melanoma cells targeted by comple 
linked to surface proteins were lysed substantially more than controls exposed 
to only two components of the 3-step targeting system. Additionally, MM9 
melanoma cells that do not express HLA-A2 were also lysed in a similar 
manner (data not shown). 



